patients (unilateral in 1 and bilateral in 3), L-4 in all patients (bilateral), and L-5 in 10 patients (bilateral in 7 and unilateral in 3). For 1 patient, a transitional vertebra (L-5) was observed. We used the Meyerding classification 6 to evaluate the degree of spondylolisthesis. For all patients, spondylolisthesis occurred at L4-5 (Grade I for 11 patients and Grade II for 2 patients), for 6 patients at L5-S1 (Grade I for all 6 patients), and for 1 patient at L2-3 (Grade I). At spinal levels with spondylolisthesis or bilateral pars interarticularis defect with neurological deficit, posterior lumbar interbody fusion (11 levels) or transforaminal lumbar interbody fusion (9 levels) was performed. At spinal levels of pars interarticularis defects without instability or degenerative lumbar spinal canal stenosis, direct repair of spondylolytic defects was performed.
preoperative and postoperative assessments
To assess neurological function, we used Japanese Orthopaedic Association (JOA) scores, and to assess lowback pain, we used a 10-cm visual analog scale (VAS) (0 indicated no pain; 10 indicated the worst pain). The healing of pars interarticularis defects or interbody fusion was evaluated on plain radiographs or CT scans. The postoperative images were evaluated by 3 surgeons (Y.T., L.W., and J.L.), who did not know the patients' preoperative and postoperative status.
Statistical analyses
SPSS version 12.0 software (SPSS, Inc.) was used for statistical analyses. In the event of statistical significance, a Student t-test was performed. The level of significance was set at p < 0.05. Mean values are presented ± SD.
results
The mean follow-up time was 30 months (range 25-36 months). VAS and JOA scores for low-back pain improved significantly after surgery (p < 0.05). Preoperative JOA (maximum 29 points) and VAS scores were 15.7 ± 2.0 and 8.3 ± 0.6, respectively, and the latest postoperative JOA and VAS scores were 25.2 ± 0.8 and 1.8 ± 0.8, respectively. Plain radiographs and/or CT scans showed satisfactory interbody fusion or pars interarticularis healing. No breakage, dislodging, or loosening of the pedicle was documented in any patient.
illustrative case
A 56-year-old man with a 4-month history of low-back pain, bilateral leg pain, and numbness sought care at the Department of Orthopedic Surgery at Qilu Hospital. The pain had been caused by lifting heavy objects. After 4 months of conservative treatment including acupuncture, massage, bed rest, and nonsteroidal antiinflammatory drugs, the patient was admitted for surgery because of worsening back pain and leg numbness. His preoperative JOA and VAS scores for low-back pain were 8 and 10, respectively. Radiographs, CT scans, and MR images showed bilateral spondylolytic defects at L-2, L-4, and L-5, associated with spondylolisthesis (retrolisthesis at L2-3 and anterolisthesis at L4-5) and spinal canal stenosis at L4-5. The patient underwent spinal canal decompression at L4-5, transforaminal lumbar interbody fusion at L2-3, posterior lumbar interbody fusion at L4-5 and L5-S1, and pedicle screw fixation at L2-S1 (Fig. 2) .
discussion
Similar to the etiology of single-level spondylolysis, the etiology of multiple-level lumbar spondylolysis is thought to be fatigue fractures. 10 Only a few reports of multiplelevel lumbar spondylolysis have been published. [1] [2] [3] 5, 7, 8, 10, 11 The main data gleaned from the literature are shown in Table 1 . Multiple-level lumbar spondylolysis occurs more often in men than in women. 7, 10, 11 Most cases are associated with sports, trauma, heavy labor, or Albers-Schön-berg disease. 3, 7, 10, 11 Consistent with the trends reported in the literature, in our study most (n = 10) of the 13 patients were male, and 9 patients worked at jobs requiring heavy manual labor. Multiple-level lumbar spondylolysis occurs from L-1 to S-1, but according to the literature, it occurs mainly at L3-5, [1] [2] [3] 5, 7, 8, 10, 11 which is also consistent with the cases in our study. Moreover, 2-level spondylolysis is more common than 3-or 4-level spondylolysis. According to the literature, patients seek care for severe low-back pain or associated symptoms mainly in their teens and 20s (range 14-43 years). However, in our study, the mean age at which patients sought care was 43.5 years, which is much older than the age reported in the literature. This finding might be associated with the poor economic status of these patients, who mainly lived in rural areas of China. Their economic status might have prevented them from seeking medical treatment until severe symptoms (e.g., low-back pain, leg pain, and numbness) had arisen and might also be the reason why all spondylolisthesis was at 1 or 2 levels. According to the literature and our results, spondylolisthesis usually occurs at L-4 and L-5, mostly at L-4 ( Fig. 1) . This finding differs from reports of single- level lumbar spondylolysis and isthmic spondylolisthesis that most commonly occurs at L-5.
The main surgeries performed for spondylolysis and isthmic spondylolisthesis were direct repair of pars interarticularis defect, posterolateral fusion, posterior lumbar intervertebral fusion, and transforaminal lumbar intervertebral fusion. We thought that the principle of multiplelevel lumbar spondylolysis and spondylolisthesis treatment was the same as that for single-level spondylolisthesis. Multiple-level lumbar spondylolysis can be treated with conservative management or surgery. Conservative management is the standard treatment for spondylolysis and spondylolisthesis in cases in which the Meyerding grade is lower than III. 3 Useful for pain relief are brace therapy, 10 bed rest, lumbar flexion/distraction and activity modification, 3 chiropractic manipulation, and rehabilitation of the spine 11 (Table 1 ). In general, surgery is necessary for patients who respond poorly to conservative treatment. 2, 7, 10 For multiple-level lumbar spondylolysis without spondylolisthesis, pars interarticularis defects can be directly repaired using segmental wire fixation and bone grafting 1 or using pedicle screw fixation, a laminar hook, and bone grafting. 7 However, these methods cannot achieve adequate segmental stability for multiple-level lumbar spondylolysis with spondylolisthesis. In our study, all patients accepted pedicle screw fixation and underwent interbody fusion of most affected levels (12 levels in 6 patients). We performed direct repair of pars interarticularis defect only in relatively younger patients or in those who had a unilateral defect without degenerative disc changes and segmental instability. Direct repair of the pars interarticularis defect was performed at only 3 levels.
conclusions
We have reported on 13 cases of multiple-level lumbar spondylolysis associated with spondylolisthesis and have summarized the results of a literature review. We found that multiple-level lumbar spondylolysis and spondylolisthesis occur more often in men than women and are associated with sports, trauma, or heavy manual labor. Multiple-level lumbar spondylolysis occurs mainly at L3-5, and spondylolisthesis usually occurs at L-4 and L-5, but mostly at L-4. 
